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o Eh RHIC & AGS
Annual Users! Meeting

“Mln Blas” and the “Underlylng Event
From RHIC to the LHC

Rick Field - — :
University of Florida —
Amplitude Analysis of the Reaction K'p =7 Y*'(1385)F
®» What is M. Aguilar-Benitez,* S. U. Chung, R. L. Eisner, and R. D, Field R
Brookhaven Nalional Laborafory, Uplon, New York 11973 AntiProton
» The QCII “‘-ﬂfﬂl\'m IE Jtln-B 19?2} prlying Event
[~

» The Pytf Wo present a model-independent amplitude analysis of the reaction X p—="¥**(1355)
at 3.9 and 4.6 GeV/c incident momenta. By obhserving the two-step decay of the ¥+**{1385)
paramet]| we determine the magnitudes and two relative phases of the four independent transversity
amplitudes which describe the reaction. These amplitudes are found to be in rough agree-

= Extrapol' mont with the predictions of the naive quark model; however, the predictions do not hold
to RHIC | oxactly.

®» The “underlying event” at STAR.

®» LHC predictions!

®» Summary & Conclusions. CDF Run 2 CMS at the LHC
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QCD Moente-Cario Vieaels:

rJ llransverse viomentum Jet

Hard Scattering
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Initial-State Radlatlon PT(hard)
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“Hard Scattering” Component
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AntiProton

: Final-State Radiation
v

Outgoing Parton
Underlying Event

Proton AntiProton

s Jetil-State Radiation
Outgoing Parton v

Underlying Event Underlying Event

“Underlying Event”

and add initial and final-
approximation).

=» Start with the perturbative 2-to-2 (or sometimes 2-6-3) parton-parton scatt
state gluon radiation (in the leading log approxim#on or modified leadi

=» The “underlying event” consists of the “beam-beam rennants” an
semi-soft multiple parton interactions (MPI).

rticles arising from soft or

» Of course the outgoing colored partg The “underlying event’is an unavoidable )y, «;nderlying event’

observables receive contributions frg background to most collider observables
and having good understand of it leads to

more precise collider measurements!
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High P+ Z-Boson Production Outgoing Parton e
Initial-State Radiation ~ fasesssr®™" ¥ PSR ward Scattering” Component

—_—

AntiProton

Proton

Z-bosor

Proton AntiProton

Underlying Event

Underlying Event

“Underlying Event”

=» Start with the perturbative Drell-Yan muon pair produ ction and add initial-state gluon radiation (in the
leading log approximation or modified leading log @proximation).

=®» The “underlying event” consists of the “beam-beam rennants” and from particles arising from soft or
semi-soft multiple parton interactions (MPI).

=» Of course the outgoing colored partons fragment it hadron “jet” and inevitably “underlying event”
observables receive contributions from initial-sta¢ radiation.
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The CDF “Min-Bias” trigger
picks up most of the “hard
core” cross-section plus a
small amount of single &

double diffraction.

(wn]

Elastic Scattering Single Diffraction

N
Oiot = O T OgptOpptO0ic
1.8TeV: 78mb = 18mb +9mb  + (4-+ (47-44)mb

The “hard core” component l: CDFE “Min-Bias” trigger
contains both “hard” and ard Core 1 charged particle in forward BBC
“soft” collisions. AND

“Inelastic Non-Diffractive Component” 1 charged particle in backward BBC

\ “Hard” Hard Core (hard scatte

Beam-Beam Counters
3.2<|<5.9

ﬁ(g%)ng Parton

S/ il Underlying Event
e
""""""" |-State
3 iation
% Final-State

% Radiation

“Soft” Hard Core (no hard scattering)

Proton AntiProton
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2n AnAQ= 4rT= 12.6 Charged Particles CDF Run 2 “Min-Bias”

. = pr>0.5GeVich| <1 7

CDF Run 2 “Min-Bias” v Average Density
Average .
Observable per unit n-@

Number of Charged Particles

Nchg (pr > 0.5 GeV/c, | < 1) 3.17 +/-0.31 | 0.252 +/-0.025
¢ 0 PTsum Scalar p,. sum of Charged Particles
~ | (Gevio) (B> 05 Gevie § < 1) 2.97 +/-0.23 | 0.236 +/-0.018
3 charged particles N\ /

- \ ) )
P N~ dNchg/dnde= 3/4t=0.24

3 GeV/c PTsum Divide by 41t

0 T—— \

. +1 dPTsun/dnd@= 3/4nGeV/c = 0.24 GeV/c

= Study the charged particles (p > 0.5 GeV/c, 1j| < 1) and form the charged
particle density, dNchg/dnde, and the charged scalar psum density,
dPTsun/dnde.
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PTmax Direction

“Toward”

s

G
(S

Rapid rise in the particle
density in the “transverse”
region as PTmax increases!

]
Associated Particle Density: dN/dnqu

/ |
max > 2.0 GeV/c

= PTmax > 2.0 GeV/c
o PTmax > 1.0 GeV/c
|| e PTmax > 0.5 GeV/c

“Transverse” “Transverse”

Ave Min-Bias
0.25 per unitn-@

30 60 90

120 150 180 210 240 270 300

A@ (degrees)

\ 360

PTmax > 0.5 GeV/c

= Shows the data{’on thé@dependence of the “associated” charged particle deig,
dNchg/dnde, for charged particles (g > 0.5 GeV/c, ]| < 1,not including PTmax) relative
to PTmax (rotated to 180) for “min-bias” events with PTmax > 0.5, 1.0, and 2.0 GeV/c.

®» Shows‘jet structure” in “min-bias” collisions (i.e. the “birth” of the leading two jets!).

RHIC & AGS Users' Meeting, BNL
June 2, 2009
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Min-B

JfJflfU

Associated Charged Particle Density: dN/dnd@ PTmax Direction
10.0 {
1 RDF Preliminary « " :
> ] py Tune A generator level Toward Reglon
g = ! PTmax >20GeVic |
A 1.0 = | PTmax > 5.0 GeV/c = e e 1
g ] Transverse” ooy “Transverse” “Transverse”
% ............................. 7_ e T ne R
o
B 0.1 e e— — e e e——
E’ 3
& 1
) Min-Bias PTmax > 1.0 GeV/c PTmax > 0.5 GeV/c
1.96 TeV. Charged Particles (|n|<1.0, PT>0.5 GeVi/c)
0.0 | | | | | | | | | | |
0 30 60 90 120 150 180 210 240 270 300 330 360
A@ (degrees)

=®» Shows theA@dependence of the “associated” charged particle deitg, dNchg/dnde, for charged
particles (p; > 0.5 GeV/c, )| < 1,not including PTmax) relative to PTmax (rotated to 180) for
“min-bias” events at 1.96 TeVwith PTmax > 0.5, 1.0, 2.0, 5.0, and 10.0 GeV/c froRYTHIA
Tune A (generator level).
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Viin=Bia

Charged

Associated Charged Particle Density: dN/dnd@ Associated Charged Particle Density: dN/dndg
10.0 - 1.6

RDF Preliminary “Toward” Region PTmax > 10.0 GeV/c

1 py Tune A generator level

RDF Preliminary Min-Bias
] py Tune A generator level 1.96 TeV
1.2 +

| PTmax > 5.0 GeV/c A e - 1

1.0 Ex "Toward"

08 f - f T T

"Transverse"

0.l et — T s ———

PTmax > 0.5 GeV/c

Charged Particles (|n|<1.0, PT>0.5 GeV/c)
| | | | | |
T T T T T T

0a L

Charged Particle Density
Charged Particle Density

Min-Bias
1.96 TeV

PTmax>10 Gevic Charged Particles (n|<1.0, PT>0.5 GeVic)

0.0 0.0 -

0 30 60 90 120 150 180 210 240 270 300 330 360 0 2 4 6 8 10 12 14 16 18 20
A@ (degrees) PTmax (GeV/c)

=®» Shows theA@dependence of the “associated” charged particle deitg, dNchg/dnde, for charged
particles (p; > 0.5 GeV/c, )| < 1,not including PTmax) relative to PTmax (rotated to 180) for
“min-bias” events at 1.96 TeVwith PTmax > 0.5, 1.0, 2.0, 5.0, and 10.0 GeV/c froRYTHIA
Tune A (generator level).

=®» Shows the “associated” charged particle density inhe “toward”, “away” and

“transverse” regions as a function of PTmax for chargd particles (p; > 0.5
GeV/c, | < 1,not including PTmax) for “min-bias” events at 1.96 TeVfrom
PYTHIA Tune A (generator level).

“Toward”

RHIC & AGS Users' Meeting, BNL Rick Field — Florida/CDF/CMS Page 9
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CDE Run 1: Evolution or Charged J

= Iy 1
“Unaerlyingl Event:
Charged Jet#1 Charged Particle Ag Correlations Logkl atdthe s:theyrgtehd
. . parucie aensity In tnhe
Direction I:)T > 0.5 GeV/c |h| <1 X “transverse” region!
1]
/

“Transverse” region
very sensitive to the CDF Run 1 Analysis Away Region

“underlying event”! “Toward-Side” Jet

Charged Jet #1 |
Diregtion -/

Leading
¢ Jet

A
p.
( “Toward”
\ \

“Transversgg ransverse”
Toward Region

“Transverse” “Transverse”

Transverse
Region

Away Region

‘Away-Side” Jet

® ook at charged particle correlations in the azimuhal angleAg@relative to the leading charged

particle jet.
®» Define|Aqg < 60 as “Toward”, 60° < |A@ < 120 as “Transverse”, and |Ag| > 126 as “Away”.

® All three regions have the same size ip-@space AnxA@= 2x126 = 4173.

RHIC & AGS Users' Meeting, BNL Rick Field — Florida/CDF/CMS Page 10
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MPI constant
probability

r PYTHIA default parameters ]

scattering

"Transverse" Charged Particle Density: dN/dnd@

Parameter | 6.115| 6.125| 6.158| 6.206 CDF Data Pythia 6.206 (default)

) data uncorrected MSTP(82)=1
MSTP(81) 1 1 1 1 / & 75 | theovcorrected ____ PARP(B1)=19GeVic ______ % ,,,,,,, %

ot Tebsastal ]
MSTP(82) | 1 1 1 5 ol iimﬁ ﬂ{ Faiozad %mﬁﬁ;% ﬁ%
PARP(81) | 1.4 1.9 1.9 1.9 g . { ________
PARP(82) | 1.55| 2.1 | 21 | 19 |§°*] T

= 1.8 TeV [n|<1.0 PT>0.5 GeV
PARP(89) 1,000| 1,000f 0.0 | | | | | | | | |

0 5 1 15 20 25 30 35 40 45 50

PARP(30) e | DL / PT(charged jet#1) (GeV/c)
PARP(67) | 4.0 4.0 1.0 1.0 [— —creQaL [/ | cTEQaL CTEQSL ® CDFMin-Bias O CDF JET20
= Plot shows thg‘Transverse” charged particle density versus R(chgjet#1)compared to the

QCD hard sgattering predictions ofPYTHIA 6/206 | (Py(hard) > 0) using thedefault
parameterg foy multiple parton interactions ghd CTEQ3L, CTEQA4L, and CTEQ5L.

Note Change

PARP(67) = 4.0 (< 6.138)
PARP(67) = 1.0 (> 6.138)

RHIC & AGS Users' Meeting, BNL

June 2, 2009

Default parameters give
very poor description of
the “underlying event”!
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Tuning PY THIA: 2

Vitltiple Parton Interaction Parameters

Parameter | Default Description

PARP(83) 0.5 Double-Gaussian: Fraction of total hadronic o .
matter within PARP(84) O \—\a!dco‘
PARP(84) 0.2 Double-Gaussian: Fraction of the overall hadro}\f

Multiple Parton Interaction

radius containing the fraction PARP(83) of the -
total hadronic matter. | - M'fr s
Color StnngM
PARP(85) 0.33 | Probability that the MPI produces two gluons /'
with color connections to the “nearest neighbors Multiple Part{ Determine by comparing

PARP(86) | 0.66 | Probability that the MPI produces two gluons  }ogy with 630 GeV data!

either as described bv PARP(85) or as a closed T
Affects the amount of )g fraction consists of
initial-state radiation! Hard- saatter.ng c
PARP(89) | 1TeV )7’ /frﬁes the reference energy £ \'I\ 5 i a0
ut

PARP(90) | 0.16 /ﬁermines the energy dependence of the cut-off TNy
Pro as follows Ry(Ey) = Pro(Ec/Eg)® with \ Jake E;= 1.8 TeV

A

(GeVic

€ = PARP(90) \K
PARP(67)/ 1.0 A scale factor that determines the maximum 2
parton virtuality for space-like showers. The
larger the value of PARP(67) the more initial- 1
state radiation. - £, Energy Wies) e
Reference point
at1.8 TeV
RHIC & AGS Users' Meeting, BNL Rick Field — Florida/CDF/CMS Page 12
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CDF Default!
PYTHIA 6.206 CTEQSL ransverse" Charged Particle Density: dN/dndo
200
Parameter | Tune B e A CDF Preliminary i PYTHIA 6.206 (Set A)
g data uncorrected PARP(67)=4 Run 1 AnalySiS
MSTP(81) 1 8 0.75 +- theory corrected - L b
MSTP(82) 4 / >
S 050 +-----
PARP(82) [ 1.9 GeV 0 Ge o
PARP(83) 0.5 0 % 025 |
g8 PYTHI 06 (Set B)
PARP(84) 0.4 0.4 e CTEQSL 4 %67) 1 1.8 TeV |n|<1.0 PT>0.5 GeV
| | / / | | | | |

PARP(85) 1.0 0.9 0.00 - ‘ | | | |
40 45 50
PARP(86) 1.0 0 //Achargedjet#l) (GeV/c)

PARP(89) | 1.8 TeV 3 Te

lot shows thé'transverse” charged particle density

PARP(90 0.25 0 .

(50) versus B (chgjet#l)compared to the QCD hard
PARP(67) 1.0 e scattefing predictions of twotuned versions ofPYTHIA

6.206 (CAEQSL, Set B(PARP(67)=1) andSet A
=4)).
Old PYTHIA default
New PYTHIA default (more initial-state radiation)
(less initial-state radiation)
RHIC & AGS Users' Meeting, BNL Rick Field — Florida/CDF/CMS Page 13
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Y —
0.40 S T e T = -

020+ Je0 V-4~
CTEQ5L

Charged PTsum Density (GeV)
Charged PTsum Density (GeV)

$30 GeV |n|<1.0 PT>0.4 GeV

35 40 45 50

0 GeV |n|<1.0 PT>0.4 GeV
| | |

35 40 45

50

0.54 GeV/g determined from the Tano, Kovacs,
Huston, and Bhatti “transverse” cone analysis at
630 GeV.

RHIC & AGS Users' Meeting, BNL Rick Field — Florida/CDF/CMS

June 2, 2009

€= 0.25 (Set A)) vz
7/

I

4
PYTHIA 6.206 4
/7

100 10,000
CM Energy W (GeV)

100,000

Reference point
E,=1.8TeV
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Rick Fleld Fermilab MC W rkshop |

0.60 ~
October 4, 2002! )
o T
£ 0.40 - 202 \"-r_____
é é [ === — = T S —
4 > | —_— e — . — — . ———— — — —_
S z - e e - |
[ Increasing € produces less energy
5 dependence for the UE resulting in

000 less UE activity at the LHC! 0 GeVIni<L.0PT>0.4 Gev

0.54 GeV/g determined from the Tano, Kovacs,
Huston, and Bhatti “transverse” cone analysis at

630 GeV.

RHIC & AGS Users' Meeting, BNL
June 2, 2009

I ] ) 10

Lowering P, at 630 GeV (.e.
increasinge) increases UE activity

35 40 45 50
PT (GeV/c)

Hard-Scal

;—Off PTOl

O\

resulting in less energy dependence,
PYTHIA 6.206

Rick Field — Florida/CDF/CMS

/ ’
/
7/
v
10.600 100,000
CM Energy W (GeV)
Reference point
E,=1.8TeV
Page 15




(L= ~ A= A7 T rAreT7d  Look atth
fowards®, “Away", = [FanSVE oo e e
charged PTsum density

and the ETsum density in
all 3 regions!

~ AgCorrelations relative to the leading jet
Jet#I Direction  charged particles p- > 0.5 GeV/ch| < 1

Calorimeter towers E; > 0.1 GeV )l <1

21N
“Toward -Side” Jet . . .
Z-Boson Direction AwapPRegion

“Transverse” region is
very sensitive to the
“underlying event!

Transverse
Region

“Toward,, :I SRRy oo [EEERER]

0 Leading
Jet

“Transverse” “Transverse”

Transverse
Region

‘Away -Side” Jel
Away Region

O_1<T>

= Look at correlations in the azimuthal angleA@relative to the leading charged particle jet | <
1) or the leading calorimeter jet (| < 2).

= Define |Ag < 60 as “Toward”, 60° < |Ag| < 120 as “Transverse ", and |Aqg| > 120 as “Away”.
Each of the three regions have areAnA@= 2x120 = 41v/3.

+1

RHIC & AGS Users' Meeting, BNL Rick Field — Florida/CDF/CMS Page 16
June 2, 2009



Refer to this as a
“Leading Jet” event

Jet #1 Direction

=
o

Charged Particle Density

0.1

Charged Particle Density: dN/dndg

10.0

{ CDF Preliminary

data uncorrected

ﬁﬁjﬂxldlﬁi#ﬂﬂ EI

30 < ET(jet#l) < 70 GeV
K12
LK)

"Transverse"
Region

L3

3

5
%ﬁfﬂw

-
h dy

Charged Particles

(Inl<1.0, PT>0.5 GeV/c)
| | | |
T T T

Jet#l B

-
&y

0 30 60 90

120 150 180 210 240 270 300 330 360

Ag (degrees)

= | ook at the “transverse” region as defined by the leading jet (JetClu R = 0.71)| < 2) or by the
leading two jets (JetClu R = 0.7,| < 2).“Back-to-Back” events are selected to have at least two
jets with Jet#1 and Jet#2 nearly “back-to-back” A@,, > 15C¢°) with almost equal transverse
energies (E(jet#2)/E;(jet#1) > 0.8) and with E(jet#3) < 15 GeV.

=®» Shows theAg@dependence of the charged particle densityiNcngdnde, for charged
particles in the range g > 0.5 GeV/c andij| < 1 relative to jet#1 (rotated to 27¢) for 30
< E;(jet#1l) < 70 GeV for“Leading Jet” and “Back-to-Back” events.

RHIC & AGS Users' Meeting, BNL
June 2, 2009

Rick Field — Florida/CDF/CMS
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Refer to this as a
“Leading Jet” event

Charged Particle Density: dN/dr]dth

|CDE Preliinary |- BacktoBack| 30 < ET(iat) <19 GaY
1 delawneerected e Leading Jet
= Min-Bias

*Transverse"

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Refer to this as a
“Back-to-Back” event

R L e
e

1’_‘, HI“IIIIIIIIIIIIIIIIIIIEW
= Chairged Particles
(im0, PT>0.5 GeVic) t

“Transverse” “Transverse”

@ 30 60 9 120 150 180 210 240 270 I IFRD J]KD
A (degrees)

Jet #2 Direction

= | ook at the “transverse” region as defined by the leading jet (JetClu R = 0.71)| < 2) or by the
leading two jets (JetClu R = 0.7,| < 2).“Back-to-Back” events are selected to have at least two
jets with Jet#1 and Jet#2 nearly “back-to-back” A@,, > 15C¢°) with almost equal transverse
energies (E(jet#2)/E;(jet#1) > 0.8) and with E(jet#3) < 15 GeV.

=®» Shows theAg@dependence of the charged particle densityiNcngdnde, for charged
particles in the range g > 0.5 GeV/c andij| < 1 relative to jet#1 (rotated to 27¢) for 30
< E;(jet#1l) < 70 GeV for“Leading Jet” and “Back-to-Back” events.

RHIC & AGS Users' Meeting, BNL Rick Field — Florida/CDF/CMS Page 18
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aing Jet'

“Leading Jet” "Transverse" Charged PTsum Density: dPT/dnde

2.0
CDF Run 2 Preliminary

data corrected to particle level

1 qgsTev T
=) "|_cading Jet" I T -

“Toward”

“Transverse” “Transverse”

“Back-to-Back” o
Jet #1 Direction

Transverse" PTsum Density (GeV/c)

0.0 | ‘ ‘ . Charged Particles (Ini<1.0, PT>OM

0 50 100 150 200 250 3 350 400 450
PT(jet#1) (G

“Transverse” “Transverse”

Jet #2 Direction . .
Min-Bias

0.24 GeV/c per unitn-¢

®» Shows theaverage charged PTsum densitydPTsuw/dndg, in the “transverse” region (p;
> 0.5 GeV/c, | < 1) versus R(jet#1) for “Leading Jet” and “Back-to-Back” events.

®» Compares the ¢orrected) data with PYTHIA Tune A and HERWIG (without MPI) at the
particle level (.e. generator level).

RHIC & AGS Users' Meeting, BNL Rick Field — Florida/CDF/CMS Page 19
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| [

PYTHIA 6.2 CTEQSL

Tune used by the
CDF-EWK group!

Z-Boson Transverse Momentum

Parameter Tune A
MSTP(81)
MSTP(82)
PARP(82)
PARP(83)
PARP(84)
PARP(85)

PARP(86)

UE Parameters 1

4

PARP(89)
PARP(90)
PARP(62)
| PARP(64)
PARP(67)
MSTP(91)
PARP(91)

ISR Parameters

\

PARP(93)

Tune AW _

|40\

1
4
2.0 GeV
0.5
0.4
0.9
0.95
1.8 TeV
0.25
1.25
0.2
4.0

2.1
15.0

PT Distribution 1/N dN/dPT

0.12

0.08 +

0.04

0.00

"o O CDFRun 1 Data
' = = PYTHIA Tune A CDFRun1
1 PYTHIA Tune AW published
' 3
' 1.8 Tev
~
' i Normalized to 1
,,,,,,,,,,,,,,,,,,, NN
-
[ ] -~ =0
0 2 4 6 10 12 14 16 18 20

8
Z-Boson PT (GeV/c)

=®» Shows the Run 1 Z-boson pdistribution (<p +(2)>

Intrensic KT

RHIC & AGS Users' Meeting, BNL
June 2, 2009

Effective Q cut-off, below which space-like showerare not evolved.

=~ 11.5 GeV/c) compared witlPYTHIA Tune A
(<p1(2)> = 9.7 GeV/c), andPYTHIA Tune AW

(2)> = 11.7 GeVic).

\

The @? = k-2 in a,for space-like showers is scaled by PARP(64)!

Rick Field — Florida/CDF/CMS

Page 20




A@Jet#l-Jet#2
Y DO

4? ® pmax > 180 GeV (x8000)
E 0 130 < pI'™* < 180 GeV (x400)

r 100 < p"®* < 130 GeV (x20)
O

Jet#1-Jet#2Aq@ Distribution

Aq)%

» MidPoint Cone Algorithm (R =0.7, fyqe=0.5) ' |
» £= 150 pb! (Phys. Rev. Lett. 94 221801 (2005)) 2

% —_
o o
W

1/ Gijet deijet/ dAG ey

—

=]

N
TTTIT T T 1111

10 |

HERWIG 6.505
-=-=- PYTHIA6.225

10
=» Data/NLO agreement good. Data/HERWIG agreement — Ella?!? ISR
good. A
= Data/PYTHIA agreement good provided PARP(67) = ™2 3n/4 m
1.0—4.0 (i.e. like Tune Abest fit 2.5. A e (rad)
RHIC & AGS Users' Meeting, BNL Rick Field — Florida/CDF/CMS Page 21
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PYTHIA 6.2 CTEQSL

Parameter Tune DW Tune AW

UE Parameters| MSTP(81) 1 1

MSTP(82) 4 4
PARP(82) (NN, 2.0 GeV
PARP(83) 0.5 0.5

PARP(84) 0.4 0.4

PARP(85)/ 1.0

PARP(86) 1.0 0.95

ISR Parameters

PARP(90) 0.25 0.25
PARP(62) 1.25 1.25

Intrensic KT

PARP(89) [EN:RIAY 1.8 TeV

0.2 0.2

e o

MSTP(91) 1

PARP(64)

PARP(67)

/

PARP(91) 2.1 2.1
PARP(93) 0

Tune DW has a lower value of PARP(67) and slightlgnore MPI!

Z-Boson Transverse Momentum
0.12
O CDF Run 1 Data CDE R 1
by PYTHIA Tune DW ~un
g 1 = = HERWIG published
o i
= 0.08 L -
= A D 1.8 Tev
'% Normalized to 1
2 |
= 0.04 Ty TN <
2
— — [/
m . '
- 0.00 ; ; | | | | | | |
— 0 2 4 6 8 10 12 14 16 18 20
Z-Boson PT (GeV/c)

=» Shows the Run 1 Z-boson pdistribution (<p +(2)>
=~ 11.5 GeV/c) compared witlPYTHIA Tune DW ,
and HERWIG .

g

Tune DW uses DO’s perfered value of PARP(67)!
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=Y EIIA 6.

All use LO ag

with A = 192 MeV! Parameter Tune AW Tune DW Tune D6
PDF CTEQS5L CTEQSL CTEQ6L ~
UE Parameters N MSTP(81) 1 1 1
MSTP(82) 4 4 4
PARP(82) 2.0 GeV 1.9 GeV 1.8 GeV
S PARP(83) 0.5 0.5 0.5
PARP(84) 0.4 e ) 0.4 Tune A energy dependencs!
PARP(85) /’ 0.9 1.0 10
PARP(86) Na_ 0.95 1.0 1.0 >
SR PRl PARP(89) 1.8 TeV T8 1ev 1.8 TeV
AN PARP(90) 0.25 0.25 0.25
N PARP(62) 1.25 1.25 1.25
PARP(64) 0.2 0.2 0.2
PARP(67) 4.0 25 2.5
MSTP(91) 1 1 1
PARP(91) 2.1 2.1 2.1
PARP(93) 15.0 15.0 15.0

Intrinsic KT

RHIC & AGS Users' Meeting, BNL Rick Field — Florida/CDF/CMS Page 23
June 2, 2009



| Alluse LO ag
with A =192 MeV!

=Y EIIA 6.

Parameter Tune DWT Tune D6T ATLAS
PDF CTEQS5L CTEQS6L CTEQS5L
MSTP(81) 1 1 1
UE Parameters MSTP(82) 4 4 4
PARP(82) 1.9409 GeV | 1.8387 GeV| 1.8 GeV
PARP(83) 0.5 0.5 0.5
PARP(84) 0.4 0.4 0.5 ATLAS energy dependence]
PARP(85) 1.0 1.0 0.33 -/
PARP(86) 1.0 1.0 0.66
SR P ClIEEr PARP(89) 1.96 TeV 1.96 TeV 1.0 TeV
AN PARP(90) 0.16 0.16 0.16
PARP(62) 1.25 1.25 1.0
PARP(64) 0.2 0.2 1.0
PARP(67) 25 25 1.0
MSTP(91) 1 1 1
PARP(91) 2.1 2.1 1.0
PARP(93) 15.0 15.0 5.0

Intrinsic KT

RHIC & AGS Users' Meeting, BNL
June 2, 2009
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%— | AlluselOa,
Parameter Tunq’\
PDF 01/ \ CTEQ6L
MSTP(81) / 1 ;
UE Parameters \%J ‘ ‘
el

\>
These are “old” PYTHIA 6.2 tunes!
A There are new 6.420 tunes by ‘(
\ Peter Skands (Tune S320, update of SO {
AN Peter Skands (Tune N324, NOCR)
Hendrik Hoeth (Tune P329, “Professor”
___

MSTF A\ !
JEEN
PAREPES m
7\
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#s |l ransver:

"Transverse" Charged Particle Density: dN/dnd@

o
o

RDF Preliminary 1.96 TeV
py Tune A generator level
———>| (.0

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

. %argec%ty

ransverse'
o
N

Charged Particles (|n|<1.0, PT>0.5 GeV/c)

“Transverse” “Transverse”

" T
o
Py h
o - TR

5 10 15 20 25 30
PT(jet#1) or PT(chgjet#1) or PTmax (GeV/c)

“Toward”

“Transverse

=» Shows the charged particle density in thétransverse” region for charged particles (g > 0.5
GeVic, h| <1) at 1.96 TeV as defined by PTmax, PT(chgjet#1and PT(jet#1) from PYTHIA
Tune A at the particle level {.e. generator level).
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Min-B

@la]

"Transverse" Charged Particle Densit

0.3

@ JJ

r|r(|er| PArtIc

35% more at RHIC means
26% less at the LHC!

7 RDF Preliminary
) generator level

o
[N

"Transverse" Charged Density
o
=

o) e

J J—:):)

oclat
€ DensIity.

nsverse" Charged Particle Density: dN/dnd(pl

"Transverse" ChargediDensi

T
! PY Tune DWT |

Min-Bias Min-Bias )
0.2 TeV Charged Particles (Jn|<1.0, PT>0.5 GeV/c) 14 TeV Charged Particles (n|<1.0, PT>0.5 GeV/c)
0.0 } } } T T T T T T 0.0 ] } } } T T T T T T
0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20
PTmax (GeV/c) PTmax (GeV/c)
PTmax Direction PTmax Direction
0.2 TeV— 14 TeV
RHIC (~factor of 70 increase

“Transverse” I “Transverse”

=» Shows the “associated” charged particle density irhie “transverse” regions as a function of
PTmax for charged particles (3 > 0.5 GeV/c, )| < 1,not including PTmax) for “min-bias” events
at 0.2 TeV and 14 TeV from PYTHIA Tune DW and Tune DWT at the particle level {.e. generator
level). The STAR data from RHIC favors Tune DW!
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16

=
N

Charged Particle Density

0.0 1

©
o)
T S

.
N
T

Min-Blas ™ Associat:

Associated Charged Particle Dens the “transverse” region!

Cmamecl Particie Density

About a factor of 2 increase in

Charged Particle Density: dN/dnd¢|

F Preliminary Min-Bias
W generator level 14 TeV

"Transverse"

Charged Particles (|n|<1.0, PT>0.5 GeV/c)

RDF Preliminary Min-Bias \
] py Tune DW generator level 1.96 TeV é‘ 2.0
————————————————————————————————————————— g ]
"Toward" [a] ]
@ 15—+
"Away" L ]
I ]
"Transverse" O 11
- =

>

2
5 0.5 +

Charged Particles (n|<1.0, PT>0.5 GeV/c)
‘ ‘ 0.0
0 2 4 6 8 10 12 14 16 18 20 0
PTmax (GeV/c)

5 10 15 20 25
PTmax (GeV/c)

PTmax Direction

“Toward”

Tevatron [ T

1.96 TeV— 14 TeV
(~factor of 7 increase)

PTmax Direction

=» Shows the “associated” charged particle density inhie “toward” , “away” and “transverse” regions
as a function of PTmax for charged particles (p > 0.5 GeV/c, 1§] < 1,not including PTmax) for
“min-bias” events at 1.96 TeV and at 14 TeV from PYTHRA Tune DW at the particle level {.e.
generator level).
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Min-Blas ™ Associat:

Cmamecl Particie Density

About a factor of 2.7 increase in
Associated Charged Particle Dens the “transverse” region! ociated Charged Particle Density: dN/dnde|
16 =
RDF Preliminary Min-Bias ] RDF Preliminary Min-Bias

2 | py Tune DW generator level 1.96 TeV 2 | py Tune DW generator level 0.2 TeV "Away"
I T ey g
8 ] "Toward" 008 - """ T
Q 1 2
© . L2 . " "
g 08 1 = | Toward
o | "Transverse" o 1
B ——— B 04 fommmm T T -
o 1 o
g 04+ ul "Transverse"
< b <
o _ O

i Charged Particles (|n|<1.0, PT>0.5 GeVic) Charged Particles (In|<1.0, PT>0.5 GeVi/c)

0.0 T T T T T T T T T 0.0 } T } } }
0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14
PTmax (GeV/c) PTmax (GeVic)
PTmax Direction PTmax Direction
1.96 TeV— 0.2 TeV

“Toward”

T (~factor of 10 increase)
evatron [ — RH I C

=» Shows the “associated” charged particle density inhie “toward” , “away” and “transverse” regions
as a function of PTmax for charged particles (p > 0.5 GeV/c, 1§] < 1,not including PTmax) for
“min-bias” events at 1.96 TeV and at 0.2 TeV from PYTHA Tune DW at the particle level {.e.
generator level).
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Min -Blas™ As

o

Charged Parti

"Transverse" Charged Particle Density: dN/dnd@

=
N

RDF Preliminary  mMin-Bias 14 TeV
7 py Tune DW generator level

o
©

°
~

"Transverse" Charged Density

Charged Particles (|n|<1.0, PT>0.5 GeV/c)

0.0 f f
0 5 10 15 20 25
PTmax (GeV/c)
PTmax Direction PTmax Direction PTmax Direction

1.96 TeV— 14 TeV
(UE increase ~1.9 time

— | HC

0.2 TeV— 1.96 TeV
(UE increase ~2.7 times

=» Shows the “associated” charged particle density ime “transverse” region as a function of PTmax
for charged patrticles (p; > 0.5 GeV/c, 1| < 1,not including PTmax) for “min-bias” events at 0.2
TeV, 1.96 TeV and 14 TeV predicted by PYTHIATune DW at the particle level {.e. generator
level).
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1st Joint Workshop on
Energy Scaling of Hadron Collisions:
Theory / RHIC / Tevatron / LHC

APRIL 27-29, 2009, FERMILAB

Welcome & Exhortation

Peter Skands (Fermilab)

Peter Skands!

“On the Boarder” restaurant, Aurora, IL
April 27, 2009

RHIC & AGS Users' Meeting, BNL
June 2, 2009

¥ Homaepage
Agenda

¥ Registration
Reglstratlan Form

1 support

¥ List of reglstranu

1st Joint Workshop on Energy Scaling

1SWorksnop on Enengy: S

Scaling

oNns

of Hadron Collisions
27-29 April 2009

e —
Home > Timetable

Display optioens [other views]

Show day - - all days - -

Datail leval session

08:00
09:00

10:00

11:00

12:00

13:00

14:00

Fermilab

Show session - - all sesslons - -

View mode Parallel

_apgly |

Monday, 27 April 2009

[0] Welcome & Exhortation
by Pelar SKANDS [Ferrmiab)

{09215 - 30:00)

1] Rick's view

U Flarida
{10:00 - 30:45)

break
(10:45 - 11:15)

[ﬂW
v ML{L Kentucky)

{11:18 - 12:00)

**%¥ Lunch ***
(12:00 - 13:30)

ory models of hadron collisions
by Peber SKANDS (Fermiab)

{13:30 - 14:15)

3] The Art and Science of Tuning

by Hendrik

HOETH {Lund U)
{14:18 - 18:00)

@

Bl shides

Bl sfdten

[

Renee Fatemi gave a talk on the
“underlying event at STAR!

Rick Field — Florida/CDF/CMS
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‘s \fi = How can we measure the UE?
RHIC’s View of Hadron Collisions Lets do what RICK did!
1st look at Back-to-Back Di-Jet Events in which the jet energies are
relatively close so as to minimize radiation in transverse region.
P-P Collisions at RHIC
STAR Detector and Triggers e ?warcé:egion; ”
< : 5 Away Region
Hard Scattering at RHIC kinematics A L,ﬂmd higlﬂLst pT jet —
The STAR Jet-Finders Region
| Underlying Event at STAR 3 Away Region:
. s e |A[P| >120 1 |r]|s 1 [ Leading
- o From leading jet Jet
Renee Fatemi Toward Region|
For the STAR Collaboration ~ ...~ Transverse Region:
3 120< |A@| < 60, |n|<1
1]
UK 1st Joint Workshop on Eﬂe_rgy Scaling of Hadron Collisions *R - , : : -1
: Apvi 27, 2009 Access Underlying Event Distributions HERE!

®» At STAR they have measured the “underlying event at W = 20GeV (|| < 1, p- > 0.2 GeV)
and compared their uncorrected data with PYTHIA Tune A + STAR-SIM.
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e Unaerlying Event: at

!

Conclusions

» At STAR
and com|

V.

Hadron Collisions at RHIC take place at an order of magnitude smaller ¥ s than
the Tevatron. Nevertheless, jets are observed and reconstructed down to pT=5
GeV and are well described by pQCD

Comparisons between several jeffinders reveal consistent results

Interest in the Underlying Event at RHIC Kinematics is driven by the need for jet
energy scale corrections as well as pure physics interests (see talks by M. Lisa
and H. Caines)

UE at RHIC appears to be independent of jet pT and decoupled from hard
interaction

. CDF Tune A provides an excellent description of the UE at ¥ s =200 GeV
hanks Rick!)

V1.

ViI.
VIIL.

Underlying Event distributions in general smaller than those at CDF. Tower &
Track Multiplicities are the exception, but this may be due to the 0.2 (STAR)
versus 0.5 GeV (CDF) pT/Et cut-off.

For a cone jet with R=0.7 UE contributes 0.5-0.9 GeV.

Comparison of Leading Jet and Back-to-Back distributions indicate that large
angle radiation contributions are small at RHIC energies.

2 GeV)

RHIC & AGS Users' Meeting, BNL

June 2, 2009

Rick Field — Florida/CDF/CMS
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Charged PTsum Density: dPT/dndcp'

100.0

CDF Run 2 Preliminary

data corrected
pyA generator level

10.0

"Transverse"

s §

Charged PTsum Density (GeV/c)

0.1 + 1 1 1 1 1 1

....... == x x = ¥

L

"Leading Jet"
MidPoint R=0.7 [n(jet#1)|<2

Charged Particles (|n|<1.0, PT>0.5 GeV/c)

0 50 100 150 200 250 300
/ PT(jet#l) (GeVic)

400

Jet #1 Direction

“Leading Jet” “Toward"

“Transverse”

“Transverse”

“Transverse”

Jet #1 Direction

“Toward”

“Transverse”

Jet #2 Direction

8r g Charged PTsum DenS|ty
- ‘BacktoBack' | .
[ Charged Particies (<10, PT50.2 GeV/c)
B i 'Data uncorrected ; i ‘
6 [ PYTHIA-Fune A-+STAR-SIM-- e
sp - “Toward”
A
3
21
1= """"""""""""" “T'r'éih'S'\'/"é'FS'é”""" """""" """""
- ——o—f o oo
0_ |\\II‘IIII‘\II\‘I\\Il\\llll\\I‘\II\‘II\
0 5 A 10 15 35 40

PT(jet#l) (GeV/c)

“Back to-Back”

= Data on the charged particlescalar p; sum density, dPT/d)dg, as a function of the leading jet pfor the

“toward”

RHIC & AGS Users' Meeting, BNL
June 2, 2009

Rick Field — Florida/CDF/CMS

, “away” , and “transverse” regions compared with PYTHIA Tune A.
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. 8 :
"Transverse" Charged PTsum Density: dPT/dnde i i Charged PTsum DenSIty
20 — | . BaCktOBACK g
° CDF Run 2 Preliminary T A Charged Particles (f|<1.0_PT>0.2 GeV/c
E 16 data corrected to particle level L : Data uncorrecte i ; :
= 1.96 TeV £ 1 g - PYTHIA Tune A+ STAR-SIM- i  a
Z "Leading Jet" L - b & m B ; | | i i i
s T ! ! !
& 12 +--{PYTuneA | ------ S S == ~ B ; | | | ; ;
£ : ! T 5L Toward”
2 os At - - e 1 1 § | g
Y 1
0 L’ Back-to-Back 4; ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
% EX5335335335353 s - e 0.55 B "EAW&y”
s oa o - § ----- - - =
g MidPoint R = 0.7 |n(je% R T - anns [ Y W IR
" 00 } ‘ ___ Charged Particles (In|<1.§, PT>0.5 GeVic) E | M .
0 50 100 150 200 250 300 350 400 450 || ~1.5 P e e I S eliiPRERY -
PT(jet#1) (GeV/c) C 1 i i s 3
N Jet #1 Direction 1 :_ ; “Transverse” ----------- ---------
Jet #1 Direction : ! ! : :
0.37 - — | C. [ B S, S
\ 0 | [ ‘ [ ‘ I ‘ (| | [ | (| ‘ I ‘ [
“Leading Jet” “Toward" f 0 > A 1015 3% 40

PT(Jet#l) (GeV/c)

) ’ “Transverse” “Transverse”
“Transverse” “Transverse”

“Back to-Back”

Jet #2 Direction

= Data on the charged particlescalar p; sum density, dPT/d)dg, as a function of the leading jet pfor the
“toward” , “away”, and “transverse” regions compared with PYTHIA Tune A.
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Viin -Blas  ASSO

Charged Particle Dent

: RDF LHC Prediction! : :
"Transverse" Charged Particle [0 "Transverse" Charged Particle Density: dN/dnd@
I~ <J 0 @ le— - : s
0.8 - 1.6 — —' PYATLAS ! | PY Tune DWT ™

2 | RDF Preliminary PY64 Tune P329 RDF Prefimingn, o wr&s-are s’ e o - o
@ i generator level \%"\ generatordevel _ | o m m = m = " m m m om o omon
S S
8 0.6 - =12 -
3 3
o >
S ] 3
c 04T 508+ -
:aJ _________ 1 :a)
2 ! o
Q 4 v N e e e e e e e e e e ——— [}

4 |
G 02 -4---- | PY64TuneS320 |---------------ooooooo oo 2047
s Min-Bias ) =
= . 1.96 TeV Charged Particles (Jn|<1.0, PT>0.5 GeV/c) : ] Charged Particles (Jn|<1.0, PT>0.5 GeVic)

0.0 | | | | | | | | | 0.0 ‘ ‘ ‘ ‘
0 2 4 6 8 10 12 14 16 18 20 0 5 10 15 20 25
PTmax (GeV/c) PTmax (GeV/c)
PTmax Direction PTmax Direction

=» Shows the “associated” charged particle density inhe “transverse” region as a function of PTmax
for charged patrticles (p; > 0.5 GeV/c, 1| < 1,not including PTmax) for “min-bias” events at 1.96
TeV from PYTHIA Tune A, Tune S320 Tune N324 and Tune P329at the particle level {.e.
generator level).

® Extrapolations of PYTHIA Tune A, Tune DW, Tune DWT, Tune S320 Tune P329 and pyATLAS to the

LHC.
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| believe because of th&TAR analysis we are now
in a position to make some predictions at the LHC!

“Minumum Bias” Collisions

Proton AntiProton

®» The amount of activity in “min-bias” collisions.

PTmax Direction

4.0
RDF Preliminary
2 generator level assmms
B [ ] [ ]
@ s T = ____
8 gooooooog
q, o9 Seceseccel cH
s a®
= 3 — e — = — = Q .r ———————
[} 2
L
o []
,,,,,,,,,,,,,,,,,,,,,, gg ____
Min-Bias BB

Charged Particles (PT>0.5 GeV/c) 14 TeV L] ag

i i i i i i

-6 -4 -2 0 2 4 6 8

‘Charged Particle Density: dN/dnl

PseudoRapidity n

Proton

Underlying Event

“Transverse” “Transverse”

Final-State
Radiation

Outgoing Parton

/

The amount of activity in the “underlying event” in hard

"Transverse@ Charged Density

= g
N o
L

\

I
~
\

RDF Preliminary, . o
generalorkvsl -

Charged Particles (|n|<1.0, PT>0.5 GeV/c)

) 0.0 | | ‘ ‘
Scatterlng events. 0 5 10 15 20 25
£-BOSONUIrecton PTmax (GeV/c)
Drell-Yan Production ‘,"Lepwn
& "Toward" Charged Particle Density: dN/dndq*
~ " "
Toward 1.6 N PY ATLAS
AntiProton _ RDF Preliminary i PY Tune DWT - —
Underlying Evert Underlying Event [ Transverse” ¢*e,  Transverse” S | o = = m = mmmmmmm=a.
S 1.2+
: o o, o
3 3
i g = AN\ = === -
Anti-Lepton & T 0.8 g~ e = ™ o AN T -
¥ éJ' 7
Z 1

—

®» The amount of activity in the “underlying event” in Drell*
Yan events.

"Toward

I
~

0.0

| orettyan 70<M(pain<110Gev |
14 Tev Charged Particles (|n|<1.0, PT>0.5 GeV/c)
0 25 50 75 100 125 150

Lepton-Pair PT (GeV/c)
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‘Charged Particle Density: dN/dnl

4.0

| believe b se of th&TAR analysig
in a position some predictio
Proton ; \/ ‘

ticle Density

RDF Preliminary

Min-Bias D!
14 TeV

®» The amount of activity in “mix

If the LHC data are not in
the range shown here then
we learn new physics!

LN
Proton e
R A

= = - ‘m‘&\r

Underlying Event

®» The amount of g
scattering eyr

. A
Drell-Yan Production & Lepon
B

PY64 Tune P329 ‘!
"""""
|
]

~—==T1>0.5 GeV/c)

Charged Par!

a
o
l
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2
2/
S| on
e |
P
N
S|
I
I
I
I
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I
I
‘I
P
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I
I
1
E
I
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I
L

10 15 20 25
PTmax (GeV/c)

\
\larged Particle Density: dN/dndq*
\

T T PY ATLAS
: PY Tune DWT : %
_________

e wm m m M m m om m om m om m o= m

.........

70 < M(pair) < 110 GeV
Charged Particles (|n|<1.0, PT>0.5 GeVi/c)
; ; ;

AntiProton _ " Tror
- :
®» The amount of activity in the “underlying e in Drell* £ | orelvan
Yan events. 0o -

50 75 100 125 150

Lepton-Pair PT (GeV/c)
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However, | believe that the
better fits to the LEP
fragmentation data at high z
will lead to small improvements
=» We are making good progress in understanding and nueling the of Tune A at the Tevatron!

“underlying event”. RHIC data at 200 GeV are very important! T e gte Radaton

Proton

. s AntiProton
=» The new F_’yt_hla B ordered tunes (py64 S320 and py64 P3Z9)wnys ),___’_\_-:‘t—,;:' derying Evert
are very similar to Tune A, Tune AW, and Tune DW. At
present the new tunes do not fit the data better #n Tune A
and Tune DW. However, the new tune are theoretically

&8s Summary & Conclu

Final-State

Outgoing Parton Radiation

preferI'Ed' ‘Hard—Scattering Cut-Off PTO|

=» |t is clear now that the default value PARP(90) =6 is o THIA 6206 e
not correct and the value should be closer to theuhe A : — ==°-25<5}‘Ag> e
value of 0.25:

PTO (GeVic)
\

= All tunes with the default value PARP(90) = 0.16 N = ]
are wrong and are overestimating the activity of —=
min-bias and the underlying event at the LHC!

This includes all my “T” tunes and the ATLAS ——
tunes!

=» Need to measure “Min-Bias” and the “underlying UEE&MB@CMS SN
event” at the LHC as soon as possible to see if thers L\

new QCD physics to be learned!
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